1. Introduction
===============

All over the world, cardiovascular diseases (CVD) have been the number 1 cause of deaths according to 1 recent report from World Health Organization (WHO) in 2015.^\[[@R1]\]^ An increasing number of epidemiological studies have reported numerous risk factors that contribute to the development of CVD. In 2010, the American Heart Association (AHA) for the 1st time defined a new construct of "ideal cardiovascular health (CVH)" with the aim of improving the CVH of all Americans by 20% while reducing deaths from CVD and stroke by 20% by 2020.^\[[@R2]\]^ CVH consisted of 4 behaviors (smoking, body mass index \[BMI\], physical activity, and diet score) and 3 health factors (total cholesterol \[TC\], blood pressure \[BP\], and fasting plasma glucose \[FPG\]).^\[[@R2]\]^ Several lines of evidence suggested that subjects who met more ideal levels of CVH metrics would had a lower risk of general mortality and CVD mortality.^\[[@R3]--[@R5]\]^ However, disappointingly, an increasing number of studies in different populations have reported that the prevalence of ideal CVH was extremely low (0.1%--3.3%), as summarized in our previous study.^\[[@R6]\]^ Therefore, studying ideal CVH and its relationship with other diseases could contribute to make the prevention strategies of CVD. To our knowledge, data are sparse on the association between CVH and left ventricular hypertrophy (LVH) in rural populations.

LVH, a target organ damage, has been identified as an independent risk factor of CVD and was strongly related to cardiovascular morbidity and mortality.^\[[@R7],[@R8]\]^ Lifestyle modification such as physical activity,^\[[@R9]\]^ metabolic abnormities such as obesity,^\[[@R10]\]^ hypertension,^\[[@R11]\]^ and glycemia^\[[@R12]\]^ have been shown a relationship with LVH. However, the association between these risk factors and LVH has not been fully clarified, and the conclusions were not consistent in previous studies. Furthermore, though certain metrics of CVH have been reported to predispose people to LVH, when clustered together, could these metrics promote LVH even more prominently? Previous studies have reported the associations between CVH and LVH.^\[[@R13],[@R14]\]^ However, these 2 studies did not relate the individual metrics of the CVH score to LVH but rather chose to analyze it as a composite. Besides, according to the types of the geometrical change in left ventricular (LV), LVH could be furthermore classified into concentric remodeling, concentric hypertrophy, and eccentric hypertrophy which was defined by left ventricular mass index (LVMI) and relative wall thickness (RWT).^\[[@R15]\]^ The pathophysiological mechanisms accounting for the 3 patterns of LVH were different.

Up to now, there are no studies accessing the relationship between the 7 CVH metrics and their synergistic effects with LV geometric patterns in a general population. In addition, previous studies on the relationship between CVH and LVH were both conducted in western countries,^\[[@R13],[@R14]\]^ and race difference may exist. Accordingly, we hypothesized that subjects with poor CVH would have a higher risk for LVH, and different CVH metrics may have different effect on LVH. We tested these hypotheses in a general population from the rural areas of northeast China. This may be useful for CVH promotion and CVD prevention.

2. Methods
==========

2.1. Participants
-----------------

From January 2012 to August 2013, we conducted this cross-sectional study in rural areas of Liaoning province (located in northeast China), using a multistage, stratified, random cluster sampling scheme. A representative sample of individuals was chosen to present the prevalence, incidence, and natural history of cardiovascular risk factors, which was called Northeast China Rural Cardiovascular Health Study (NCRCHS). In the 1st step, 3 counties (ie, Dawa, Zhangwu, and Liaoyang County) were chosen randomly to represent the eastern, southern, and northern regions of Liaoning province, respectively; in the 2nd step, 1 town was randomly chosen from each of the 3 counties; in the 3rd step, 8 to 10 rural villages were randomly chosen from each town and finally a total of 26 rural villages were chosen. To take part in the study, participants should be at 35 years or older and needed to reside permanently in this area. Furthermore, participants who were pregnant, suffering from malignant tumor, or mental disorders were not included in this study. A total of 14,016 eligible participants from the 26 chosen villages were invited to participate and 11,956 participants agreed to attend and completed the study, with the response rate of 85.3%. The methods were consistent with our previous study.^\[[@R6],[@R16]\]^ Finally, we included a total of 10,684 participants (5497 males and 5187 females) with a complete set of data needed in the present study.

All participants provided written informed consent after informed of the objectives, benefits, medical items, and confidentiality of personal information. If the participants were illiterate, their proxies would sign the written informed consent. The study was approved by the Ethics Committee of China Medical University (Shenyang, China), and all of the procedures were performed in accordance with ethical standards.

2.2. Data collection
--------------------

The detailed description of the methods can be found in our previous studies elsewhere.^\[[@R6],[@R16]\]^ Our investigation was conducted by experienced cardiologists and trained nurses via a single visit. One clinic was selected in each village, where the participants were interviewed using a standardized questionnaire. The standardized questionnaire was designed by statistical experts and clinical specialists, which included questions on demographic characteristics, lifestyle risk factors, dietary habits, family income, and other variables. Before conducting the survey, we asked all eligible investigators to undergo an organized training on the study purpose and procedures, how to administer the questionnaire, standard methods of measurement, and the importance of standardization. At the end of training, a strict test was performed and only those who scored perfectly would become investigators. During data collection, our study inspectors would provide further instruction and support as needed.

The participants were classified by marital status into 2 groups: married or living with partner; unmarried, divorced, or widowed. The participants were classified by ethnicity into 2 groups: Han or others (including ethnic minorities in China, such as Mongol and Manchu). The participants were classified by family income into 3 groups: 5000 or less, 5000 to 20,000, and 20,000 or over, China Yuan (CNY)/year. The participants were classified by educational level into 3 groups: low level was defined as no schooling, incomplete primary education, or primary education; middle level was defined as 3 to 4 years of secondary education; and high level was defined as college and university education. Alcohol consumption was also calculated using the questionnaire. The participants were asked to answer the following questions. Did you drink regularly? If yes, which kind did you drink, beer, red wine, or hard liquor? How many times did you drink per week? How much did you drink per time? The amount of pure alcohol was calculated according to the frequency and amount of drinking. In China, the ethanol weight content differed among the beverages as follows: 5% in beer, 12.5% in red wine, and 45% in hard liquor.^\[[@R17]\]^ One drink was equivalent to a mean consumption of 15 g ethanol.^\[[@R17],[@R18]\]^ According to the level of alcohol consumption per day, the participants were classified into 3 groups: nondrinkers (abstainers, or no history of alcohol consumption), moderate drinkers (≤1 drink per day for women and ≤2 drinks per day for men), and heavy drinkers (\>1 drink per day for women and \>2 drinks per day for men).^\[[@R19]\]^ The definition of alcohol drinking habit was described detailed in our previous study.^\[[@R17]\]^ In present study, subjects with alcohol drinking habit included moderate drinkers and heavy drinkers.

2.3. Smoking status
-------------------

Smoking status was accessed by the following questions.^\[[@R6],[@R16]\]^ Have you been a smoker? If yes, do you smoke now? Have you ever quitted smoking? If yes, how long did you quit smoking? Based on these questions, smoking was classified into 3 groups: ideal (never smoker or quitting smoking \>1 year), intermediate (quitting smoking ≤1 year), or poor (current smoker).

2.4. Diet score
---------------

The questionnaire included questions about the average consumption (grams per week) of several food items, which consisted of legumes, vegetables, fruits, fish, poultry, and salt intake.^\[[@R6],[@R16]\]^ Diet score was calculated using the following 5 components: legumes and cereals as basic food; ≥500 g fruits and vegetables per day; ≤100 g red meat per day; regular (in most weeks) intake of soybean products and/or unprocessed fish; and preference for nonsalty food, according to the current "Dietary Guidelines for Chinese Residents."^\[[@R20]\]^

2.5. Physical activity
----------------------

We initially wanted to access physical activity according to the following questions, which were consistent with the AHA criteria. Do you regularly exercise? If yes, how many times do you exercise per week and how long do you exercise every time? What is your most commonly used way of exercise? 1 = walking, 2 = running, 3 = swimming, 4 = ball games, 5 = mountaineering, and 6 = others. However, during the visit, we found that these questions did not apply to the rural populations because rural populations did not actively take exercise such as walking, running, swimming, ball games, or mountaineering. Most of the populations in the rural areas of Liaoning province were farmers who were exhausted to engage in the agricultural work during the spring, summer, and autumn. In the winter, the temperature in this area would always below −20 °C. Therefore, they preferred to watch television, play mahjong, or poker in their leisure time. Then, we decided to adopt another method, described elsewhere, to measure occupational physical activity.^\[[@R21]\]^ Briefly, participants were asked the question: "which type do you think your occupational physical activity belongs to?" Occupational physical activity was classified into 3 categories: low was defined as participants who reported light levels of occupational physical activity, such as the elderly, cripple, and paralysis; moderate was defined as participants who reported moderate occupational physical activity, such as driver and office worker; and high was defined as participants who reported high level of occupational physical activity, such as manual agricultural activities and miner. To be consistent with the AHA criteria,^\[[@R2]\]^ the low, moderate, and high levels of occupational physical activity were regarded as equivalents to the poor, intermediate, and ideal status of physical activity in our study.^\[[@R6],[@R16]\]^

2.6. Blood pressure
-------------------

Consistent with the AHA protocol,^\[[@R22]\]^ the study participants were informed to avoid caffeinated beverages or exercise for at least 30 minutes, and rested in a sitting position for at least 10 minutes before the measurement. Systolic blood pressure (SBP, mm Hg) and diastolic blood pressure (DBP, mm Hg) were measured using a standardized automatic electronic sphygmomanometer (HEM-907; Omron, Japan). During the measurement, the participants were seated with the arm supported at the level of the heart. BP was measured 3 times at 2-minute intervals after at least 5 minutes of rest and the mean was calculated. Consistent with the AHA definition,^\[[@R2]\]^ BP was classified into 3 groups: ideal (SBP \< 120 mm Hg and DBP \< 80 mm Hg, untreated), intermediate (SBP 120--139 mm Hg or DBP 80--89 mm Hg, or treated to goal), and poor (SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg).

2.7. Body mass index
--------------------

The participants were asked to wear light clothing and no shoes. Weight was measured to 0.1 kg and height was measured to 0.1 cm, respectively. The participants were asked to stand at the end of normal expiration. Waist circumference (WC) was measured to 0.1 cm, using a nonelastic tape at the umbilicus. BMI was calculated using the following formula: BMI = weight (kg)/height (m).^\[[@R2]\]^ The participants were classified by BMI into 3 groups: normal (BMI \< 22.9 kg/m^2^), overweight (23 ≤ BMI \< 27.4 kg/m^2^), and obese (BMI ≥ 27.5 kg/m^2^), according to the obesity criteria for Asian people recommended by the WHO.^\[[@R23]\]^

2.8. Anemia and estimated glomerular filtration rate (eGFR)
-----------------------------------------------------------

Anemia was defined as hemoglobin concentrations \<9.0 g/dL.^\[[@R24]\]^ Glomerular filtration rate (GFR) was estimated using the equation originating from the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.^\[[@R25]\]^

2.9. Serum analysis
-------------------

All of the participants were asked to fast for 12 hours before the early-morning blood samples were collected. Blood samples were obtained from an antecubital vein into vacutainer tubes containing EDTA. Blood samples were centrifuged immediately to isolate serum, which were frozen at −20 °C and carried to a central laboratory for testing. Blinded duplicate samples were analyzed using an Olympus AU640 auto analyzer (Olympus, Kobe, Japan). Serum concentrations of FPG, TC, and other routine blood biochemical indices were analyzed.

2.10. Modified criteria for cardiovascular health
-------------------------------------------------

According to the AHA criteria,^\[[@R2],[@R5]\]^ ideal CVH was defined as all 7 CVH metrics at ideal levels; intermediate CVH was defined as at least 1 CVH metric at intermediate level, but no poor CVH metrics; and poor CVH was defined as at least 1 of 7 CVH metrics at poor level. In our study, the criteria of the 7 CVH metrics were modified, which were shown detailed in our previous study.^\[[@R6]\]^ Briefly, health behaviors included smoking, BMI, physical activity, and diet score, which were further classified into ideal, intermediate, and poor status. Smoking was classified into 3 groups: ideal (never smoker or quitting \>1 year before), intermediate (quitting ≤1 year), or poor (current smoker). BMI was classified into 3 groups: ideal (\<22.9 kg/m^2^), intermediate (23--27.4 kg/m^2^), or poor (≥27.5 kg/m^2^). According to Dietary Guidelines for Chinese Residents,^\[[@R20]\]^ diet score was classified into 3 groups: ideal (4--5 components), intermediate (2--3 components), or poor (0--1 components). Physical activity was classified into 3 groups: ideal (high level of occupational physical activity), intermediate (moderate level of occupational physical activity), or poor (light level of occupational physical activity). Health factors included smoking, TC, BP, and FPG, which were also categorized as ideal, intermediate, or poor status. TC was classified into 3 groups: ideal (\<200 mg/dL \[5.18 mmol/L\], untreated), intermediate (200--239 mg/dL \[5.18--6.21 mmol/L\] or drug treated to goal), or poor (≥240 mg/dL \[6.21 mmol/L\]). BP was classified into 3 groups: ideal (SBP \<120 mm Hg and DBP \<80 mm Hg, untreated), intermediate (SBP 120--139 mm Hg or DBP 80--89 mm Hg, or treated to goal), and poor (SBP ≥ 140 mm Hg or DBP ≥90 mm Hg). FPG was classified into 3 groups: ideal (\<100 mg/dL \[5.6 mmol/L\], untreated), intermediate (100--125 mg/dL \[5.6--7.0 mmol/L\] or drug treated to goal), or poor (≥126 mg/dL \[7.0 mmol/L\]). Taking the importance of quitting smoking for CVH into account, smoking appeared as both health behavior and health factor.^\[[@R2]\]^

2.11. Echocardiography measurements
-----------------------------------

The methods were consistent with our previous study.^\[[@R26]\]^ Briefly, echocardiograms were performed on all participants according to the guidelines of American Society of Echocardiography. Doppler echocardiograph (Vivid, GE Healthcare, Connecticut, USA) with a 3.0-MHz transducer was used and conducted by sonographers. The transthoracic echocardiogram included M-mode, 2-dimensional, spectral, and color Doppler with subjects in the supine position. Echocardiogram readings and analyses were conducted by 3 doctors who were experts in this field. If questions or uncertainty arose, consultations would be made with 2 other specialists. The parasternal acoustic window was used to record 2-dimensional and M-mode images of the LV internal diameter, wall thickness, aortic root, and left atrium. The apical acoustic window was used to record 4- and 5-chamber images. Correct orientation of planes for imaging and Doppler recordings was verified according to previous procedures.^\[[@R27]\]^ Left ventricle internal dimensions, interventricular septal thickness, and posterior wall thickness (PWT) were measured at end diastole and end systole according to the recommendations of American Society of Echocardiography.^\[[@R27],[@R28]\]^

Left ventricular mass (LVM) was calculated using the following formula: LVM (g) = 0.81 × (1.04 × \[LVED + IVS + PWT\])^3^ − (LVED)^3^ + 0.06 (left ventricular end diastolic diameter \[LVED\]).^\[[@R29]\]^ To correct LVM for body size, LVMI was calculated using the following formula: LVMI = LVM (g)/height (m)^2.7^.^\[[@R30]\]^ LVH was defined as LVMI \> 46.7 g/m^2.7^ in women and \>49.2 g/m^2.7^ in men, respectively.^\[[@R30]\]^ The RWT was calculated as 2 × PWT/LV internal diameter at end-diastole and considered increased if \>0.43.^\[[@R15]\]^ LV geometry was assessed from LVMI combined with RWT.^\[[@R15],[@R29]\]^ Normal LVMI and increased RWT was defined as concentric remodeling; increased LVMI, but normal RWT, was defined as eccentric LVH; increased both LVMI and RWT was defined as concentric LVH.

2.12. Statistical analysis
--------------------------

Descriptive statistics were calculated for all the variables. Continuous variables were reported as mean ± SD, and the differences in the subgroups were compared using one-way analysis of variance (ANOVA). Categorical variables were reported as numbers and percentages, and the differences in the subgroups were performed using the χ^2^ test. Multivariable logistic regression analyses were used to access the association between CVH metrics and LVH, adjusted for age, sex, race, marital status, education, family income, current drinking, WC, triglyceride (TG), low-density lipoprotein cholesterol, high-density lipoprotein, eGFR, and anemia. We also addressed multicollinearity by centering the covariant variables. The variance inflation factor (VIF) scores, which varied from 1.02 to 1.89, suggested that multicollinearity was not a substantive problem in the data, thus allowing for a meaningful interpretation of the results. Analyses were presented as odds ratios (ORs) and corresponding 95% confidence intervals (CIs). All the statistical analyses were performed using SPSS version 22.0 software (SPSS Inc., Chicago, IL), and *P* \<0.05 was considered to be statistically significant.

3. Results
==========

3.1. Basic characteristics of the study population
--------------------------------------------------

Completed data were obtained from a total of 10,684 subjects (5479 men and 5187 women) who were 35 years or older. There were 542 subjects suffering from concentric remodeling, 519 subjects suffering from concentric LVH, and 1370 subjects suffering from eccentric LVH, accounting for 5.1%, 4.9%, and 12.8% of our study population, respectively.

Table [1](#T1){ref-type="table"} showed the baseline characteristics of the subjects according to LV geometry (ie, normal geometry group, concentric remodeling group, concentric LVH group, and eccentric LVH group). Subjects with any type of LV geometrical abnormalities were older than those with normal LV geometry (*P* \< 0.001). There were no sex differences among the 4 groups. Overall, the education level and family income were low in the rural population, especially in the subjects who suffered from LV abnormalities. In addition, the mean values of SBP, DBP, BMI, WC, TC, TG, low-density lipoprotein cholesterol, and FPG were higher among subjects with LV geometrical abnormalities (all *P* \< 0.001). Although the values of eGFR and high-density lipoprotein showed the opposite trend (both *P* \< 0.001). As for echocardiographic parameters, subjects with LV geometrical abnormalities were more likely to have higher values of interventricular septal thickness, LVED, PWT, RWT, LVM, and LVM/H^2.7^ (all *P* \< 0.001).

###### 

The clinical and demographic characteristics of study population.
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3.2. The distribution of cardiovascular health metrics according to left ventricle geometry
-------------------------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} showed the distribution of 7 CVH metrics according to LV geometry. There were no differences in current smoking status among the 4 groups. Besides smoking, the distribution of the other 6 CVH metrics showed significant difference. Overall, subjects with LV geometrical abnormalities had lower percentages of ideal CVH metrics, as shown detailed in the table.

###### 

The distribution of CVH metrics according to the categories of LVH.
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3.3. The distribution of left ventricle geometrical abnormalities according to cardiovascular health metrics
------------------------------------------------------------------------------------------------------------

Figure [1](#F1){ref-type="fig"} showed the distribution of LV geometrical abnormalities based on the numbers of CVH metrics. Over all, the prevalence of concentric remodeling, concentric LVH, and eccentric LVH were low in the ideal status and high in the poor status of the 7 CVH metrics (Fig. [1](#F1){ref-type="fig"}B--G), except for current smoking (Fig. [1](#F1){ref-type="fig"}A). It was worth noting that the prevalence of eccentric LVH increased dramatically from 5.9% in the ideal status of BMI to 24.9% in the poor status of BMI (Fig. [1](#F1){ref-type="fig"}B) and the prevalence of concentric LVH increased dramatically from 0.7% in the ideal status of BP to 8.7% in the poor status of BP (Fig. [1](#F1){ref-type="fig"}F).

![The distribution of LV geometrical abnormalities according to CVH metrics. CVH = cardiovascular health, LV = left ventricular.](medi-96-e6050-g003){#F1}

3.4. The odd ratios and 95% confidence intervals of left ventricle geometrical abnormalities based on each cardiovascular health metric
---------------------------------------------------------------------------------------------------------------------------------------

Table [3](#T3){ref-type="table"} showed the ORs and 95% CIs of LV geometrical abnormalities based on each CVH metric. Each type of the LV geometrical abnormalities was chosen as a dependent variable, and the 7 CVH metrics were chosen as independent variables. Logistic regression model was used to access the association between CVH and LVH, adjusted for covariates. Among the 7 CVH metrics, only poor BP was significantly associated with concentric remodeling (OR: 1.49, 95% CI: 1.10--2.01). For concentric LVH, only poor status of BMI, diet score, and BP showed significant association, with poor BP having the greatest OR (8.49; 95% CI: 4.59--15.7). For eccentric LVH, only poor status of BMI, diet score, TC, and BP showed significant association, with poor BMI having the greatest OR (5.87; 95% CI: 4.83--7.14).

###### 

Multivariable logistic regression analyses for associations between CVH metrics and LV geometrical abnormalities^∗^.
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3.5. Prevalence of left ventricle geometrical abnormalities according to the number of ideal cardiovascular health metrics and cardiovascular health categories
---------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown in Fig. [2](#F2){ref-type="fig"}A, the prevalence of concentric LVH and eccentric LVH showed an inversely gradient relationship to the number of ideal CVH metrics. The prevalence of concentric LVH and eccentric LVH were 7.7% and 21.2% in the subjects with 0 ideal health metric and decreased to 0 in the subjects with 7 ideal health metrics. However, the prevalence of concentric remodeling did not show such a relationship.

![Prevalence of LV geometrical abnormalities according to the number of ideal CVH metrics (A), and CVH categories (B). CVH = cardiovascular health, LV = left ventricular.](medi-96-e6050-g005){#F2}

As shown in Fig. [2](#F2){ref-type="fig"}B, the prevalence of LV geometrical abnormalities increased from the ideal status of CVH to the poor status of CVH. For concentric remodeling, the prevalence was 0%, 3.3%, and5.3% among subjects with ideal, intermediate, and poor status of CVH, respectively. For concentric LVH, the prevalence was 0%, 0.6%, and 5.4% among subjects with ideal, intermediate, and poor status of CVH, respectively. For eccentric LVH, the prevalence was 0%, 3.3%, and 14.1% among subjects with ideal, intermediate, and poor status of CVH, respectively.

3.6. The odd ratios and 95% confidence intervals of left ventricle geometrical abnormalities according to the number of ideal cardiovascular health metrics and cardiovascular health categories
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The statistical method in this part was consistent with our previous study.^\[[@R16]\]^ There were only 14 subjects meeting 7 ideal CVH metrics, none of whom had LV geometrical abnormalities. They could not serve as reference group in logistic regression analysis model. So, subjects with 5 to 7 ideal CVH metrics were classified into 1 group and served as reference. After adjusted for covariates, the risk for concentric LVH and eccentric LVH risk correspondingly increased as the numbers of ideal CVH metrics decreased. However, the risk for concentric remodeling did not show such a gradient relation.

Subjects with 4, 3, 2, 1, and 0 ideal CVH metrics had 7.64 (95% CI: 2.38--24.55), 9.71 (95% CI: 3.07--30.75), 11.21 (95% CI: 3.54--35.49), 15.28 (95% CI: 4.79--48.78), and 12.65 (95% CI: 3.71--43.15) higher odds of concentric LVH compared with subjects who met 5 to 7 ideal health metrics. Subjects with 4, 3, 2, 1, and 0 ideal CVH metrics had 2.13 (95% CI: 1.46--3.09), 2.79 (95% CI: 1.95--4.00), 3.58 (95% CI: 2.50--5.13), 4.29 (95% CI: 2.95--6.25), and 5.14 (95% CI: 3.16--8.12) higher odds of eccentric LVH compared with subjects who met 5 to 7 ideal health metrics.

The statistical method in this part was consistent with our previous study.^\[[@R16]\]^ Briefly, none had LV geometrical abnormalities in the ideal CVH group, which could not serve as reference group in logistic regression analysis model. So, subjects with ideal and intermediate CVH were classified into 1 group and served as reference. As shown in Table [4](#T4){ref-type="table"}, subjects with poor CVH had 5.90-fold (95% CI: 2.77--12.55) higher risk for concentric LVH and 3.24-fold (95% CI: 2.36--4.47) higher risk for eccentric LVH, after adjusted for covariates.

###### 

Multivariable logistic regression analyses for associations between the number of ideal CVH metrics/CVH categories and LV geometrical abnormalities^∗^.
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4. Discussion
=============

In this cross-sectional study, we accessed the relationship between ideal CVH and LVH in a rural population. We found that:(1)Not all the 7 CVH metrics were associated with LV geometrical abnormalities. Only poor BP was significantly associated with concentric remodeling (OR: 1.49, 95% CI: 1.10--2.01); poor BMI showed the highest risk for eccentric LVH (OR: 5.87; 95% CI: 4.83--7.14) while poor BP showed the highest risk for concentric LVH (OR: 8.49; 95% CI: 4.59--15.7)(2)There was an inversely gradient relationship between the numbers of ideal CVH metrics and the risk for concentric/eccentric LVH(3)Subjects with poor CVH were at higher risk for concentric/eccentric LVH compared with subjects with ideal-intermediate CVH(4)Ideal CVH showed rare relationship with concentric remodeling. As far as we knew, this study was the first to access the relationship between the ideal CVH and LV geometrical patterns in a rural population

LVH results from the response of myocyte and nonmyocyte components to mechanical and hormonal stimuli. In basic experiments, studies have found that complicated molecular mechanisms such as calcium handling^\[[@R31],[@R32]\]^and adrenergic system^\[[@R33]\]^ played an important role in the regulation of LV geometrical patterns. According to LV hemodynamic changes, LVH consists of a complex cardiac phenotype including concentric remodeling, concentric LVH, and eccentric LVH. The mechanisms underlying this process remain incompletely understood. However, this is determined to a large extent by whether pressure or volume overload is predominating.^\[[@R34]\]^ Furthermore, a solid body of evidence indicated that lifestyle modification such as physical activity,^\[[@R9]\]^ metabolic abnormities such as obesity,^\[[@R10]\]^ hypertension,^\[[@R11]\]^ and glycemia^\[[@R12]\]^ have been shown a relationship with LVH. When clustered together, could these components promote LVH even more prominently?

In 2010, the AHA has defined the concept of ideal CVH.^\[[@R2]\]^ In recent years, an increasing number of studies in different populations have reported that the prevalence of ideal CVH was extremely low (0.1%--3.3%).^\[[@R6]\]^ Consistent with other studies, we also found that the prevalence of ideal CVH was very low (0.1%) in the rural population of northeast China.^\[[@R6]\]^ Up to now, there are dozens of studies that have evaluated the prevalence of ideal CVH and its relationship with various health-related outcomes. However, there are only a few previous studies that have specifically accessed the association of ideal CVH with LVH. Desai et al^\[[@R13]\]^ in the CARDIA study reported that more numbers of CVH metrics in young adulthood were associated with lower LVM, and subjects with ideal-intermediate CVH had substantially lower risk for LVH compared to subjects with poor CVH. Xanthakis et al^\[[@R14]\]^ in the Framingham Offspring Study reported that ideal CVH scores were inversely associated with CVD incidence and subclinical diseases including LVH.^\[[@R14]\]^ In the Framingham Offspring Study, subclinical disease was defined by use of a validated index including at least 1 of LVH, LV systolic dysfunction, increased carotid intima-media thickness or stenosis, a reduced ankle-brachial index, and microalbuminuria.

However, there are several differences between our study and previous ones.(1)We could not know what the relationship between each component of the 7 CVH metrics and LVH was. The previous 2 studies did not relate the individual components of the CVH score to LVH but rather chose to analyze it as a composite.^\[[@R13],[@R14]\]^ In this case, we could not know whether synergistic effects existed. Could poor CVH influence LVH more than the sum of its parts?(2)In addition, both studies adopted LVM/height^2.7^ as the criterion of LVH. In our present study, LV geometry was assessed from the LVM/height^2.7^ combined with the RWT and was classified into 3 patterns: concentric remodeling, concentric LVH, and eccentric LVH.^\[[@R15],[@R29]\]^

We found that not all 7 CVH metrics were positively related with LVH. Only poor BP was significantly associated with concentric remodeling; poor BMI showed the highest risk for eccentric LVH while poor BP showed the highest risk for concentric LVH. Although the underlying mechanisms between obesity (poor status of BMI) and eccentric LVH remained to be determined, factors such as excessive lipid accumulation within the myocardium, increased hemodynamic load, proinflammatory cytokines, the extracellular matrix, and fibrosis played an important role.^\[[@R10],[@R35]\]^ As an accepted index of obesity, BMI was more related to eccentric LVH compared to concentric LVH.^\[[@R36]\]^ Compared to obesity, hypertension usually contributed to concentric LVH resulting from increased pressures.^\[[@R11],[@R37]\]^ Our study also indicated that poor diet score could also increase the risk for concentric LVH and eccentric LVH. Poor diet score was closely related with an increase in FPG and BP levels, abdominal obesity, and dyslipidemia, which characterized the metabolic syndrome (MetS) and indirectly led to LVH.^\[[@R38]\]^ Low-moderate intensity of physical activity could decrease BP and regression of LVH in subjects with severe hypertension.^\[[@R39]\]^ Conversely, high amounts of physical activity were inversely correlated with the prevalence of LVH.^\[[@R9]\]^ However, our results and another previous study^\[[@R40]\]^ indicated that physical activity had no significant relationship with LV geometry. The reason may be that the criterion of physical activity varied in different studies and race difference may exist.

We also found that an inversely gradient relationship existed between the numbers of ideal CVH metrics and the risk for concentric/eccentric LVH. Although some component of CVH metrics alone such as current smoking, physical activity, TC, and FPG showed no association with LV geometrical abnormalities, these components seemed to carry a synergistic effect beyond the risk related to the component alone. Our results were consistent with previous studies which accessed the association between metabolic syndrome (MetS) and LVH.^\[[@R9],[@R40],[@R41]\]^ MetS was characterized by obesity, glucose intolerance, elevated BP, and dyslipidemia.^\[[@R9],[@R40],[@R41]\]^ Although not all components of MetS could be identified as independent risk factors for LV geometric and functional abnormalities, MetS seems to carry an additional risk for LVH and could influence "more than the sum of its parts."^\[[@R40]\]^ Thus, a population-wide effort at ideal CVH metrics improvement would be important prevention strategies of LVH.

4.1. Strengths and limitations
------------------------------

Our study showed healthy behaviors/factors were associated with the prevalence of LVH, which is quite meaningful in a general population. Our study has several strengths. First, this large-scale study was conducted in a general population, enhancing the generalizability of the results. Second, China is currently at a stage of shifting to a western diet and urbanization lifestyle. However, in the rural areas of northeast China, people still lead a traditional lifestyle and there are rare studies on these populations. To our knowledge, our study for the first time accessed the relationship between ideal cardiovascular health and LV geometrical abnormalities. On the other hand, our study also had some limitations. First, this was a cross-sectional study, which cannot get at a cause-and-effect relationship between CVH and LVH. However, we did find an inverse relationship between the numbers of ideal CVH metrics and LVH. In the future, prospective studies are needed to understand the temporal direction of the observed association between the ideal CVH and LVH risk. Second, the criteria for BMI, physical activity, and diet score in this study were modified, which may make it difficult when compared with other studies.

5. Conclusion
=============

In summary, our study showed that in the rural population northeast China, poor BMI showed the highest risk for eccentric LVH while poor BP showed the highest risk for concentric LVH. Although not all the 7 CVH metrics were associated with LV geometrical abnormalities, the components of CVH metrics carried a synergistic effect beyond the risk related to the component alone. Besides, we found an inversely gradient relationship between the numbers of ideal CVH metrics and the risk for concentric/eccentric LVH. Besides, subjects with poor CVH was associated with higher risk for concentric/eccentric LVH compared with subjects with ideal-intermediate CVH.
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